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During the summer of 1899, when the writer was engaged in

plant physiological investigations at Woods Hole, he took the oppor-

tunity to study the osmotic properties of a number of algae from

both fresh and marine waters. These studies were not complete,

but since they shed some light on relations which still have much
physiological interest, the results are here presented. Moreover,

since that time, through the work of Mouse and his associates (15),

Berkeley and Hartley (i, 2, 3), and others, the recalculations of

osmotic relationships have resulted in important changes. The
bearing of the work of physicists on the problems of physiology has

been pointed out by Renner (20), who has done much to resolve

the difficulties involved in the question. The osmotic values here

dealt with have been calculated according to the newer methods.

In some cases the values calculated according to Pfeffer'S (18)

data are added in order to enable the reader to contrast the values

obtained under the two methods of reckoning.
K

Osmotic pressure in Spirogyra cells

It was desired first to ascertain an approximate measure of the

osmotic value of the sea water at Woods Hole. For this purpose

some organism having a lower osmotic pressure than that of the

sea water was sought. Several fresh water algae, Spirogyra elon-

g(ita{})j Zygnema (sp.), and Oedogonium (sp.), found growing in a

small fresh water pond between Woods Hole and Nobska Point,

were tested.

Preliminary experiments with the distilled water available

showed the presence of injurious impurities, probably copper from
the stilL The addition of shredded filter paper to the stock bottle

was found to remove the pathological symptoms, and the solutions

pernussion
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used were made up with distilled w^ater so treated. In all cases solu-

tions were made up on the basis of the desired number of gram mole-

cules of dry substance dissolved in water sufficient to make a liter of

solution^ that is, on the volume-normal basis.

In order to calibrate the indicator plants, solutions of cane sugar

and of NaCl in a graduated series of concentrations were carefully

prepared from high grade chemicals. These dilutions when in use

were kept in covered beakers of 250 cc. capacity. The algae were

quickly freed of surplus solution by the use of fresh filter paper before

transfer^ and freed from remaining traces of the solution by a quick

rinsing in a duplicate portion of the solution into which they were to

go. After the transfer, filaments were removed at definite intervals

for microscopic examination, either on a watch glass or on a slide.
A

In determining the osmotic equivalent, some difficulty was

experienced owing to the fact that all cells of the same filament did

not show the same plasmolytic response to a given concentration.

This difference was especially marked as the critical concentration

was approached. As a rule the tip cells of a filament showed incipi-

ent plasmolysis in a weaker solution than did the other cells. Those

that had lately undergone division seemed to plasmolyze more

promptly as a rule. Since plasmolysis begins to take place only

after the concentration of the outer medium is in excess of the con-

osmotic

garded as reached when the first

plast were seen in the tip cells. Since the problem

not studied. In order to avoid as far as p
to the penetration of the materials from

signs of plasmo

jssible comolical

the

question were accepted. At times slight plasm

this prompt

osmotic

give the best evidence of conditions normally existing in the cell-

As a result of a series of tests made with cane sugar, it appeared

that for a major part of normal Spirogyra and Oedogonium cells a

concentration of o. 25 gm. molecules per liter of solution was just

short of producing nlasmolvsis at 22?o C. Onlv in the tin cells was
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an undoubted '^starting" of the protoplast from the wall seen.

This appeared inside of 20 minutes and still persisted at the end of

an hour, but was scarcely noticeable after 20 hours. The osmotic

pressure of the cell contents of these algae was, therefore, very

nearly equal to 0.25 gm. mol. of cane sugar in a liter of solution.

In calculating this value in terms of atmospheres, the values of

Morse and Frazer (15) were used. However, since Morse's

osmotic determinations were made on the basis of gram molecules

dissolved in 1000 gm. of water, this value was reduced to the latter

basis by means of Renner's formula: , mbeing the given
1000-2 14m

number of gram molecules in 1000 ccm. of solution. The osmotic

equivalent of the algae in question became, therefore, 0.264 gm.

mol. in 1000 gm. water. The osmotic values of a series of cane sugar

solutions determined in atmospheres by Morse (16) and associates

were plotted in a series of curves on which by interpolation the

osmotic value of o. 264 gm, mol. weight-normal at 22^ C. (the tem-

perature at which the plasmolyzing solutions stood at the time of

the determination) was found to be about 6.7 atmospheres.

According to Pfeffer the corresponding value would be about

5.9 atmospheres.

Tests on Spirogyra showed that the cell contents were osmoti-

cally equal to a solution of NaCI containing about o. 16 gm. mol. in

a liter of solution. In solutions of NaCl of this degree of dilution

the difference between volume-normal and weight-normal is negli-

gible in view of the wide range of error in the biological data. This

may be seen by calculating weight-normality in accordance with

the following formula given by Renner (p. 500). WhenMequals

the molecular weight of NaCl (58.5), mequals the number of gm.

mol. per liter of solution, and s the specific gravity of the given solu-

tion, the corresponding weight-normality equals ~ .

The specific gravity (20^/4^ C.) of a 0.16 volume-normal NaCi

(0.93 per cent) solution obtained by interpolation on a curve

based on Landolt-Bornstein-Roth (13, p. 260) is about 1.005.

Solving the equation, the corresponding value weight-normal is

0.1607 g^' ^<^1- in 1000 gm. water.
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The osmotic value of 0.16 gm. mol. NaCl in terms of atmos-

pheres is not so readily deducible in this case as in that of cane

sugar^ and in view of the physical difficulties discussed by Rennee.

the writer has taken the corrected osmotic values given by him

(p. 501) as a basis of calculation. By interpolation the osmotic

pressure of o. 16 gm. mol. NaCl is about 7 .2 atmospheres at room

temperature. According to PFErPER this corresponding value

would be 5.7 atmospheres.

In this concentration the cell contents became markedly dis-

ordered after a short time, the chlorophyll band largely losing its

spiral form. However, tests with solutions of cane sugar, slightly

stronger osmotically, showed prompt and apparently normal plas-

molysis. After 24 hours in this solution the chlorophyll band was

still further disordered, although nearly all cells were clearly living

and plasmolyzed normally in stronger concentrations.

Osmotic value of sea water

By the use of cane sugar solutions the osmotic pressure of

Spirogyra here used was found to be about 6.7 atmospheres; the

use of NaCl solutions gave about 7.2 atmospheres. Since the dif-

ference between these values is without doubt exceeded by the

differences in the osmotic pressures prevailing in individual cells of

the same filament, there is perhaps little point in discussing which

of these values shall be adopted as the basis of further calculations.

Hence, an approximate value of 7 .0 atmospheres is adopted as the

basis of further discussion.

The sea water used was dipped from outside the Fish Commis-

sion pier, where it is subject to almost unceasing tidal movement,

and gave a density reading of about i .0210 at 71° F. This was

diluted with distilled water in various proportions and used as a

plasmolyzing agent for Spirogyra, A stage similar to that just

noted as indicating beginning plasmolysis was seen in a mixture

containing ja parts by volume of sea water to 70 parts of distilled

water at 22*^ C. In this concentration Spirogyra and Oedogonium

agreed in showing faint indications of incipient plasmolysis. Meso-

carpus showed more distinct traces. These traces disappeared

inside of 24 hours.
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It appeared from these experiments that the osmotic presure

of a 30 per cent sea water solution was approximately equal to about

7.0 atmospheres. By plain calculation the osmotic value of undi-

luted sea water would be about 27^.7, atmospheres.

Since^ however, it is well known that salts in aqueous solutions

dissociate electrolytically in greater proportion in dilute solution

than in greater concentrations, a given number of molecules might

through their ionization be expected to cause a proportionally

greater osmotic pressure at 30 per cent dilution than in a solution

having three times that concentration. In order to get an idea of

the general order of magnitude of the change here concerned, it is

assumed that the behavior of the sea water approximates that of

a half -normal NaCl solution. In this solution, corresponding to

the undiluted sea water, about 73 per cent of the molecules would

be dissociated at 18"^ C. (Kohlrausch and Holborn, 12), while a

30 per cent sea water solution corresponding roughly to N/6 concen-

tration of NaCl would be dissociated about 81 per cent. This would

increase the relative osmotic value from 173 to 181. This difference

amounts to about 5 per cent of the osmotic value of the N/2 solu-

tion. To correct for this overestimate would require the subtrac-

tion of about i.o atmosphere from the first calculation. This

would give an osmotic value of about 22.3 atmospheres for the

sample of sea water here used.

In this connection it is of interest to compare this approximation

with other determinations of this value. The salt content of the

sample of sea water used may be calculated from the specific gra\ity

reading i .0210 at 71° F. This reading, reduced to a basis of specific

gravity -~z^ by means of Libbey's (14) table, becomes 1.0216.

This value reduced to terms of salt content by the use of Fetter-

son's (17) comparison of specific gravity with results obtained by
titration of CI content indicates a total salt content of about 2 .93

per cent.' Assuming this result to have been approximately cor-

rect, it is possible by use of the ''Challenger'^ (7) analyses to ascertain

^ A discussion of the methods of calculating specific gravity and salt content with

a diagram for the ready handling of these data is found in Science N.S. 42=732-735-

1915-
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the quantity of principal salts present, and by

osmotic eauivalents to calculate roucfhlv the osmotic

means of their

sam

osmotic

common salts
,

giving the atmosph

I per cent solutions made up on the basis of i gm. of salt in lOO ccm.

of solution. The recalculation of the osmotic value of NaCl by

Renner already referred to has given a considerably increased

value for this salt. There has been no similar recalculation for the

other sea salts known to the writer, but since the quantities of salts

other than NaCl are small^ but a relatively small effect would result

from their correction. MgCla, present in second largest quantity,

namely, 0.32 per cent in the sample of water here concerned, was

recalculated by the writer in a very approximate way from freezing

point values given in Landolt-Bornstein-Roth's (13) tables for

the temperature of 22° C, and a value somewhat greater than that

given by Pfeffer was obtained. The values here discussed are

brought together for convenient reference in table I. A glance at

TABLE I

Salts
"Challenger"
proportions

Quantity in

sample used

Atmos. press.

I per cent sol.

by vol. Pfeffer

Osmotic values
Pfeffer

NaCl .

.

MgCl..

.

MgS04

.

CaS04,

.

Osmotic values
recalculated

# 4

* «

# *

P m

0.777X2.93
0.109X2.93
0.048X2.93
0.036X2.93
0.025X2.93

0.995

2 . 2& per cent

0.32
0.14
o.io
0.07

X6.09 atmos
X4.98
X1.93
X2.00(?)
X2.72

13,8 atmos.
1.6

0.3
0.2
0.2

17.30 atmos
2.16

0.30
0.20
o. 20

2 . 90 per cent equals 16. 1 atmos. 20. 16 atmos.

this table shows that if Pfeffer^s osmotic

osmotic

described by On
derived from analytical data exceeds 20 atmos

pheres.

In this connection it is of interest to compare with these values

those obtained by Garrey (10), using the freezing point method.

As a result of several freezings, he concluded that for the water of

the basin of the United States Fish Commission the average lower-
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ing of the freezing point was —1.82° C, corresponding to an esti-

mated osmotic value of about 22 atmospheres at 0° C. (about

23.7 atmospheres at 22° C). Assuming the osmotic value of a

1 per cent NaCl solution at 22° C. to be 7 .6 atmospheres, in accord-

ance with Renner's recalculation (p. 501), Carrey's result would

call for a salt content equal to about 3 . i per cent NaCl. According

to Sumner, Osburn, and Cole (22), the water of Buzzard's Bay and

Vineyard Sound varies in salt content between 2.84 and 3.29 per

cent total salt.

Osmotic pressure of marine algae

attempt

in certain of the commoner bright green forms found abundantly

in the neighborhood of Woods Hole.

Cladophora gracilis var. was found growing on rocks below low

tide level near the wall in front of the residence building of the

United States Fish Commission. This alga grew in a position

where the water was constantly changing and where it was not

subject to any marked temperature variation.

Enleromorpha intestinalis ^ according to Davis (6), is a type

belonging characteristically to the region between tide levels, where

it occurs attached to stones, shells, and woodwork. At low tide,

therefore, it is often subject to a considerable concentration of its

cell contents through evaporation.

Chaetomorpha Linum^ like Cladophora^ is not subject to such

wide variations, being found characteristically below the low tide

mark.

Small tufts of the filaments or pieces of the frond were placed

in graduated series of solutions of cane sugar and NaCl and exam-

ined with reference to their osmotic behavior.

In the cane sugar solutions Cladophora first showed traces of

plasmolysis in 0.85 to 0.00 gm. mol. per liter of solution, corre-

Enteromor ph

n. mol. in 1000 gm
atmospheres of pres

gm, mol. volume

gm
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30
.

7 atmospheres, respectively. Chaetomorpha required a 0.9

volume-normal concentration (1.13 weight-normal), corresponding

to 30
.

7 atmospheres, to produce the same effect.

In NaCl solutions corresponding results were seen in Cladophora

in 0.75 to 0.80 gm. mol. volume-normal. Renner (p. 501) has

pointed out that in NaCl the osmotic pressure is proportional to the

molar concentration calculated on the liter of solution, o . i gm. mol.

having an osmotic pressure of 4.5 atmospheres at 18^ C. Hence

these concentrations correspond approximately to a range between

33 .
7 and 36 atmospheres. Chaetomorpha showed first traces of

plasmolysis in o . 70-0 . 80 gm, mol., corresponding to 31 .5-36 atmos-

pheres of pressure.

The reason why an osmotically greater concentration was

required in the case of the NaCl solution to erive the same result

osmotically

with

admit NaCl atmosph

in the NaCl solution over the sugar solution roughly mark the

greater degree of penetration of the former. The work of Janse

(11) and of Drevs (8) is significant in this connection.

In 1900 and i similar

studies on marine algae at Naples and at Woods Hole. The results

presented in his paper seem to have been obtained at Naples, since

the values are referred to Naples water. Experiments on Chaelo-

morpha Linum made with solutions of osmotic agents in distilled

water, as would be expected, showed markedly higher osmotic pres-

sures than the writer found at Woods Hole. At Naples Chaeto-

morpha was found to be isosmotic with i . 26 gm. mol. by volume

cane sugar or i . 73 gm. mol. by weight, having an osmotic pressure

of about 34
.

7 atmospheres; with o
. 93 gm. mol. of NaCl by volume

equal to about 41.8 atmospheres; and with 1.40 gm. mol. by
volume of KNO3. The freezing point of Mediterranean water was

found by Bottazzi (4) to be A = —2 . 29° C, corresponding to about

27 .6 atmospheres at 0° C, or about 30 atmospheres at 22° C. This

is the equivalent of nearly i per cent NaCI, or 6 . 2 atmospheres

higher than values obtained at Woods Hole by Garrey. Analyses

of Mediterranean water from Naples reported by Roth (21) gave



igiS] TRUE—MARINE ALGAE 79

a total salt content of about 3.85 per cent, a value which agrees

very well with these findings.

In 1 90 1 Reed (19) made a series of plasmolytic determinations

with marine algae at Woods Hole and in solutions made up with

distilled water found the following osmotic values: CladopJiora (sp.

not given): NaCl isosmotic with 0.7 gm. moL NaCl by volume,

roughly equal to 31.5 atmospheres at 18° C; cane sugar isosmotic

with 0.8 gm. moL by volume (0.965 gm. moL by weight), equal to

25 atmospheres of pressure at 18^ C. Chaetomorpha (sp. not given)

:

NaCl isosmotic with 0.9 gm. mol. by volume, equal to about 40.5

atmospheres at 18° C; cane sugar isosmotic with 0.9 gm. mol. by

volume (i . 1 1 gm. moL by weight), equal to about 29
.

5 atmospheres

at 18*" C.

Osmotic surplus in marine algae

In order to ascertain the turgor pressure of the marine algae, a

comparison between the osmotic value of the cells and that of the

sea water itself is necessary. To facilitate such a comparison these

values are brought together in table II. For such a calculation as

TABLE II

OsilOTIC PRESSURESOF ALGAE AT WoODSHOLE

Algae

Cell contents isosmotic with

Cane sugar gm. mol
in liter of solution

Sodium chloride gm.
mol. in liter of solution

Spirog^Ta elongata

.

Cladophora gracilis

Enteromorpha intestinalis

Chaetomorpha Linum

gm. mol.

o. 25

0.85
0.90

0.80
0.90

0.9

atmos.

6.7
28.0

30-7

25.8

30-7

307

Sea water per cent
by volume

gm.
o
o
o

mol
16

75
80

o. 70
0.80

atmos.

7.2

33.7
360

50
Osmotic pressure

of sea water
corrected =
22.3 atmos.

that here required it is important to adopt a correct osmotic value

for sea water. For purposes of this paper 22 .3 atmospheres^ cor-
r

responding to a sea water concentration of 2 .93 per cent total salt,

is adopted. A glance at the daily density readings made by the

United States Fish Commission shows a considerable variation in

the salt content of Woods Hole water from time to time, a fact that
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should be borne in mind in comparing the results of different

observers. It seems from the observations of Sumner (22, p. 53)

and his associates that the salt content at Woods Hole is known to

vary between 2 .84 and 3 .29 per cent total salts.

The osmotic surplus found in the algae studied is easily calcu-

lated by subtracting 22.6 atmospheres from the observed osmotic
¥

The results of such a calculation appear in table III.pressures

TABLE III

Osmotic surplus in marine algae at Woods Hole

Algae

•

Osmotic surplus determlvf.d with

Cane sugar Sodium chloride

Cladoohora gracilis J 5

.

4 atmospheres
18.1

\8.i

8.1

/ii. I atmospheres

•

\i3-4

Chaetomorpha Linum / 8.9
1 I13 4

Average values 6 . 6 atmospheres II. 7 atmospheres

The strikingly higher values obtained with NaCl are probably

due to the penetration of this substance with the consequently

higher concentration required to produce traces of plasmolysis,

The writer, therefore, is inclined to regard the lower reading

obtained with cane sugar as more nearly the true value in this case.

It should be borne in mind, however, as Copeland (5) has shown,

that this osmotic surplus is subject to influence from external con-

ditions through their effect on nutrition and in other ways.

Summary

I. By means of the plasmolytic method it is shown that the

osmotic pressure in the cells of Spirogyra, Zygnema^ and Oedogonium

found in Nobska Pond, near Woods Hole, Massachusetts, at 22"^ C,
is equal (i) to about 0.25 gm. mol. in a liter of solution of cane

sugar, corresponding to 6.7 atmospheres, (2) to about 0.16 gm.

mol. NaCl per liter of solution, corresponding to 7 . 2 atmospheres,

and to a 30 per cent sea water solution (sea water = 2. 93 per cent

total salts).



iQiS] TRUE—MARINE ALGAE Si

2. The osmotic value of the sea water sample calculated from

plasmolytic experiments was found to be about 22.6 atmospheres.

This value determined by the freezing point method by Garrey
reduced to 22^ C. was 23.8 atmospheres.

3, The osmotic surplus of Cladophora gracilis, Enter omorpha

intestinalis, and Chaetomorpha Linum was found to be about 6.6

atmospheres when determined by means of cane sugar, and 1 1
.

7

atmospheres for Cladophora and Chaetomorpha when determined

means of NaCl NaCl
largely responsible for the higher value obtained with this

salt.

Bureau of Plant Industry

Washington, D.C.
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